• Loci/CHEM density-based Navier-Stokes solver implemented in the Loci framework -Generalized unstructured grids -RANS, URANS, DES, Hybrid RANS/LES turbulence modeling -Eulerian multiphase models for particulates and droplets -Lagrangian multiphase models for particulates and droplets with particle vaporization, condensation, combustion -Real fluids EOS for cryogenic injection and combustion analysis -Non-gray radiation transport models (particle and gas phase radiation) -Solution adaptive mesh refinement with various error estimators available -Mesh deformation for fluid-structure deformation and fuel burn-back surface -Overset moving body with prescribed motion and 6-DOF -Body Collision 6-DOF modeling • Extensively verified using Method of Manufactured Solutions Technique • 2 nd order space and 2 nd order time accurate, but not low dispersion/low dissipation • Production simulations typically 10M to 300M cells on 3000+ processors
Samples of MSFC CFD Capabilities
• Acoustic driven loads -SSME flow control valve fatigue fracture due to acoustic loading
• Engine start-up transients and Ignition Overpressure -Ares-I Scale Model Acoustic Test (ASMAT)
• Water injection for launch pad water deluge simulation -Two phase flow simulation with water droplet injection -Effects of water phase on plume acoustic sources on pad • Long-term approach: Improve CFD algorithms beyond current 2 nd order accuracy -Higher order spatial and temporal accuracy -Lower numerical dissipation schemes -Difficult to achieve while retaining multi-species, reacting, turbulent plume flow important for capturing acoustic sources -Evaluating various higher order numerics developments (low dissipation schemes), but not production ready
• Near term approach: Implement hybrid approach of CFD + CAA -Utilize existing plume modeling fidelity to capture acoustic sources originating from plumes, impingement, water suppression effects -Existing CFD modeling features important physics (multi-phase plume, turbulence, LES, gas-water phase effects from deluge, etc. • Now extending CFD analysis to predict liftoff noise
• Intent is to apply CFD to capture effects not included in empirical liftoff acoustic methodologies: plume impingement, flame trench plume interaction, water deluge, …
• Selected hybrid CFD-CAA approach to retain benefits of multi-physics CFD capabilities
• Selected BEM approach for CAA because of capability to capture interaction with complex launch pad topology
• Development under way to establish CFD-to-CAA data extraction and exchange process
• Extensive demonstration and validation planned for realistic launch pad cases (e.g., ASMAT)
